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Recent workl on the state of oxygen in coal structure has estaolisned
that the major part of oxygen occurs in the form of functional groups, such
as -COUH, -0k and ~»C0, However, a substantial percentage of axygen, is
believed to be present probavliy as ether or in heterocyclic combination
particularly in high rank coals, although direct experimental confirmation
is lacking. In the present paper an account is given of the investigations
that have been: cerried out to elucidate the state of oxygen in such combi-
natlons.

Treatment of coal with hyiriodic zcid at an elevated temperature
should result in the break-down of ether structure and the ether oxygen
will appear as -OH groups. In case of aryl ethers ths -OH groups formed
on HI treatment will be a direct measure of the ether oxygen. But if
mixed ethers are present, the alkali hydrolysis of the HI treated product
will result in the formation of further quantity of <OH groups. Therefore

.the estimation of ~OH groups in two stages, as stated above, will give a

quantitative measure of the different types of ether oxygen in coal. The
course of reaction may be presented as follows :

FOR' + HI eROH +R'I  ..... (1)
R'I +X0H <RWH K .....(2)"

The above method has been applied to =stimate the ether oxygen
present in coal. However, it is well-known that in case of uasaturation,
the treatment with HI will lead to the addition of hyirogen and iodine
to the unsaturated carbon atoms. The iodine thus combined will undergp
alkali hydrolysis with the formation of hydiroxyl groups. Thus it appears
that on the basis of HL treatment and subsequent hydrolysis alone it is
not possible to obtain unequivocal evidence regarding the presence of
mixed ether in complicated structures like coal, which is likely to
contain unsaturation in its structure., To eliminate this uncervainty,
unsaturation in coal wasg estimated by the metnod developed oy the authors
earlier?,

Experimerntal

In the present experiments, vitrains from different ranks of coal were
selected, The samples were refluxed with hydriodic acid ( 8 c.c. of HI
per gn. of coal, sp. gr. of 8l = 1.7) for a period of 8 hours at 130°C
and then washe d free of hyriodic acid. The product was subsequently
‘analysed for hydroxyl groups.

Zstimation of "-O=" groups :- apout 1 gn. of the sé.mple was accurelely

"weighed and acetylabed with acetic anhydride {20 c.c.) and fused sodium

acetate (15 gm.) {oy refluxing for 3.5 hours at 140°C, The acetylated
product was wasied free from acids armd hydrolysed by 20 p.c. ¥CH solution.
The product was next acidified with conceniratea sulpnuric acid and the
acetic acid liberated was distilled oif and titrated against standard

(see over)
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alkali, The p.c. of oxygen as -OH in the HI treated sanmles wWas calculated
on the initial coal basis. .

A second part of the HI treated sample was hydrolysed by agueous KOH
(2.5 %) solution under reflux. The product . thus obtained was acidified by
hydrochloric acid, washed free of chlondes,a.nd’cbe H_QH" eonuent. was' sub-
sequently estlmated by the above method.

Lhe mnc.t%ona_q_ oxygen groups in vitrains were estimated by the conven-
tional methods? The carboxyl and the carbonyl groups in the vitrains were
found to rémain unaffected by HI-treatment.

for the .estimation of unsaturation in cgal, axidation by potash Permanga-
- nate in dilute agueous solubion was employed®., It is known that Kin0y in
dilute aqueous solution brings about hydroxylation of ethylenic double donds,
provided that the reaction is mot carried too far ami tne temperabure does
not exceed Q°C, The reaction is test carried out in neutral medium, Two -
hydroxyl groups are tormed per one unsaturation linkage. .
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TABLE - I
r Ky L S B
Coals Yo ! g H { %1 ! 55 I %0 (5
£ 3 { { { difference) °
§ { 1 f {
A 79.4 506 C 1.9 0.6 125
- 33.0 i 5.8 2.3 "85 8.4
C 88.0 5.2 2.3 0‘5 ' l&oo
TABLE - IT
; S S SO T % —7
Coals ¥ Total 1 -0 i ~C0- { ~u00H § otal reactive 5 Unaccountsd
{ Oxygen { (xygen § (xygen . quygen { Gxygen [ fo or Oltygen
| R X F A { s Pon
A 2,5 - 60 L6 0.8 8.4 41
B 8.4 L2 0«5 0.2 L.9 3.5
¢ 4o Lz . g2 0-0 L 2.5
TABLE - III Sy
Distribation of ether oxygen in vitiains
(expressed on initial d.a.is ‘coa.L’ basis)
Coal ] ‘Total unreac-} .Increase in } Increase in { P.C, (xygeni F.o.of .
) tive oxygen %1 % oxygen as {5 oxygen as { as ether { unreac-
H { -UH after nI- § -CH on subse- § - f vive
1 ! treatment § quent hyarolysmﬁ - § onyeen
1 i | . i 3 as edier
A& L1 2.3 2.9 2.3 56,1
B 3.5 2.2 Nil 2.2 62.8
¢ 2.5 1.6 iy 1.6 8.5
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TABLS - IV

Incrsase in oxygen p. c. as -OH on permanganate . (a.8. f. )
coal basis) oxidetion

Coals Increase in p.c.
oxygen as -OH
after KU, oxi-
dztion

2.1

Nil

Nil

mxm»:xr.«l

ow s

Resuilts and Uiscussion -

. The elemental composition as Vell as the distribution of oxygen in different
furnctional groups of tne vitrain samples is oresented in Tables I and IL. the
increase in hydroxyl contents after HI treatment as well as after subsequent

© alkali ~ nydrolysis is shown in Teble IiI. It was stated carlier that the .

increase in UH groups after HI - treatment is to be attributed to the ether
linkages, and as such, the increase in oxygen p.c. as "-UH" gives a direct
neasurs of ether oxygen present in coal. .In case of mixed.ether, however, the
,alkali hydrolysis of the HI treated product will lead to tne Lorm..t.mn ox
‘additional amunt of "-OH" groups.

From an msaecuon of the Table II1 it is evident that coals or high rank
(3&¢C) contain only aryl ethers ard the inerease in oxygen p.c. as "=Gd"
airecily mecsures the percentag: of ether oxygen. In case of low rank coal
(A}, hovever, the formation of a signilicant arpunt of nyuroxyl groups on
alkaline hydrolysis nrooavly J.nd:Lca\. s the presence of mixed ethers, assuming
that the hydrolysis steop of the iodo-derivative goes to complétion, the .

' ‘indrease in -Uil contents on alkaline hydrolysis should be equal to that obtamed

on sl-treatment. The spoarent discrepancy between the two values, as evident
from Taoble III, may therefore be ascrived either to experimental errors or to
some complicating factor. From Tavle iV it will be secn that unsaturation occurs
in coal of this particular rank. The addition of-HI to the double bornds leads
to vhe formation of -Uii groups on subsequent nydirolysis. It appears,therefore,
tnat for coals of low rank, the formation of -Ud groups on hydrolysis of the HI
ireated product is partly due to the presence of unsaturation, Thus, for low
rank coals, tae anaarent lack of ug“’e"lent betwesn the values of nydro.cyl grouns
oy be .largsly explained in terms of unsaturation. = It may therefore be concluded
that a significant percentagz of ether oXygen is present in coals of different
rank and tnat ths low rank coals are cheraclterised by the presence of mixed ‘ethers.
It viould appear that about 60 p.c. of the total unreactive oXygen in coals of
different ranKSa.rA present in evher comoination,




1. (a)

{b)
(c)
(@)

Thnatowichz, 4., Xormum No. 125, Prace Glownegp Inétytutu CGornictwa :

Katowice, 1952,

Brooks, J.D., and lizher, I.P., Research, iondon, 7, 1954, 530.

‘References

Brown, J.K., and ¥yss,, @&.F,, Chem. & Ind. 1955, 1118.

Mazumdar, 3.K., Bhangale, P.H., and Lahiri, A., Jour. of Sci. & Industr.

Res,, 158, 1, 1956, Wk

Yukherjee, P.N., Bhaumik, J.N. & Lahiri, i. - Paper commnicated to

chem, & Ind., London.

Bhovmik, J.¥,, MHukherjee, P.N,, & Lahiri, 4., Fuel, 38, 1959, 211,




